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@ Method for manufacturing a pozzolanic material from paper sludge. 

(57) A method for manufacturing a pozzolanic 
material from paper sludge, e.g. derived from 
the manufacture of recycled paper, in a plant 
which comprises at least a drying and com- 
minuting apparatus (1) and a kiln system (3). 
The paper sludge is introduced into a stream of 
hot exit gas from the kiln system (3) of the plant, 
conducted together with this gas to the drying 
and comminuting apparatus (1) and subse- 
quently passed, suspended in the exit gas, to a 
separator (13). The separated, dry paper ma- 
terial is fed into the burning chamber (21) of the 
kiln system (3), and the organic matter of the 
material is incinerated with the development of . 
heat, by means of which the mineral residue, 
primarily kaolin, is subjected to heat treatment. 
The heat-treated mineral material is eventually 
cooled in a cooler (25). 

In this way the kaolinic, inorganic fraction of 
the paper sludge is transformed in an economic 
and environmentally acceptable manner into a 
material with pozzolanic properties, which can 
be utilized as an additive in the preparation of 
e.g. concrete, which will thereby obtain enh- 
anced strength characteristics and increased 
density. 
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The present inv ntion relates to a method for 
manufacturing a pozzolanic material from paper 
sludge, for xamplederiv dfromth manufacture of 
recycled paper, in a plant comprising a drying and 
comminuting apparatus and a kiln system. 5 

In this context, a pozzolanic material is taken to 
mean a material of oxides such as Al 2 0 3 , FeiO* SiOj 
or the like, which when incorporated into mortar or 
concrete may react with CafOHfc with the formation 
of minerals equivalent to those formed when ordinary 10 
cement minerals react with water. The two most im- 
portant cement minerals (CaOfcSiC^ and (CaOJjSiOj 
both react with water with formation of tobermorite- 
gel and CafOHfe. When a pozzolanic material is incor- 
porated into concrete, it is possible to reduce the con- 15 
sumption of cement quite substantially because of 
these factors, if attainment of the same strength char- 
acteristics is desired. 

The manufacture of recycled paper based on the 
use of waste paper as the chief raw material gener- 20 
ates large quantities of waste in the form of paper 
sludge. This paper sludge consists mainly of ceilulos- 
ic fibres, printing ink, water and a mineral residue of 
paper fillers, and it is thought to be biodegradable. 
Nevertheless, the method of deposit which has been 25 
employed in the past, involving simple ploughing in of 
the paper sludge, is a matter of growing concern. 
Therefore, the emergence of paper sludge generated 
during the manufacture of recycled paper precludes 
utilization of the entire amount of recovered waste pa- 30 
per, which is undesirable, since from an ecological 
viewpoint it is preferable to manufacture paper from 
reclaimed material instead of from wood pulp. 

Several methods have been proposed for utiliz- 
ing paper sludge in the manufacture of cement in such 35 
a way that the cellulosic fibres and the printing ink are 
incinerated in the kiln system of the cement plant, 
whereas the mineral content is mixed into the cement 
clinker in the same manner as coal ash. In, for exam- 
ple, Japanese laid open patent application JP-A- 40 
56100222, a method is disclosed according to which 
the paper sludge is initially dehydrated by mechanical 
means, the produced sludge is subsequently dried 
and granulated, and the granulate is eventually used 
as a fuel in a cement kiln. In Danish laid open patent 45 
application No. 2829/90 filed on November 29, 1990, 
a method is suggested by which the paper sludge is 
mixed into the cement raw materials in a suspension 
which is subsequently passed to a rotary kiln operat- 
ing according to the wet-process method. The sug- 50 
gested solutions in both patent applications have the 
disadvantage that the paper sludge, of which 50% is 
water and 25% is a burnable substance, have to be 
transported from the paper mill to the cement plant, 
which is disadvantageous in terms of cost efficiency. 55 
Further, the paper sludge is difficult to handle and is 
often malodorous. 

Possibly, the most obvious method envisaged by 



a specialist by which a pozzolanic material can be 
manufactured from paper sludg would be to carry 
out the process in a long rotary kiln, with firing being 
effected at on end, whereas the wet paper sludge is 
introduced at the other end, and subjected to drying 
and heating in counterflow with the kiln gases. The 
disadvantage of this solution is that maJodorous gas 
compounds may be developed from the paper sludge 
already at the drying stage of the sludge or very early 
during the heat-up phase, which entails that these 
gases are discharged from the rotary kiln together 
with the exit gas without having been effectively de- 
stroyed. In addition to this environmental problem, the 
solution has the disadvantage that fuel, e.g. gas or 
oil, will be required for firing. 

Another conceivable solution would be to utilize 
a traditional waste incineration plant provided with a 
grate. In such a plant it is possible to attain effective 
destruction of the generated gases and to reduce the 
usage of back-up fuel. However, this disadvantage of 
this solution is that it is difficult to achieve effective 
removal of the burnable carbon from the pozzolanic 
product, either because it is extremely difficult to 
maintain the fine-grained product on the grate for the 
sufficient length of time or due to the pronenessof the 
material to form large lump formations in which the 
carbon is trapped. 

It is the object of the present invention to provide 
a method for manufacturing a pozzolanic material 
from paper sludge by means of which the aforemen- 
tioned disadvantages are remedied. 

This is achieved according to the invention, in a 
plant comprising a drying and comminuting appara- 
tus and a kiln system, by a method characterized in 
that the paper sludge is introduced into a stream of 
hot exit gas from the kiln system of the plant and is 
passed together with the gas to the drying and com- 
minuting apparatus wherefrom dried and finely divid- 
ed paper material is passed suspended in the exit gas 
to a separator in which the paper material is separated 
from the exit gas; in that the separated, dry paper ma- 
terial is fed into a burning chamber of the kiln system 
where the organic matter of the material is incinerated 
with the development of heat, by means of which the 
mineral residue is subjected to heat treatment for an 
appropriate period of time and at a controlled temper- 
ature; and in that the heat-treated mineral material is 
eventually cooled in a cooler. 

It is thus obtained that the primarily kaolinic, in- 
organic fraction of the paper sludge is transformed 
into a material with pozzolanic properties, which can 
be used as an additive for preparation of e.g. con- 
crete, which will thereby obtain enhanced strength 
characteristics and increased density. The fact that 
burnt clays, including heat-treated kaolin, possesses 
pozzolanic properties has been recognized and util- 
ized from antiquity (see e.g. Lea & Desch: The Chem- 
istry of Cement and Concrete, Edward Arnold & Co., 
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London, 1935, p. 249). Since th plant to be used ac- 
cording to the inventi n can b sited near the paper 
mill from which the paper sJudg is derived, this may 
further eliminate the need f r a potentially long and 
expensive transportati n of the paper sludge to a ce- 5 
ment plant The pozzolanic material manufactured by 
the method according to the invention has a weight 
which is only about25% thatof the paper sludge, and, 
therefore, it can be transported directly to a concrete 
factory or a building site in a less expensive manner. 10 

The manufacturing process according to the in- 
vention is furthermore C0 2 -neutral in itself since the 
amount of C0 2 which is formed during the incineration 
of the organic matter of the paper sludge is equivalent 
to the amount which would be formed by biological 15 
degradation in connection with ploughing in. It is fur- 
ther obtained that the CO r emission resulting from 
the use of concrete is reduced since the total amount 
of cement which is to be burned per tonne of finished 
concrete is reduced when the pozzolanic material is 20 
utilized as an additive in the concrete. 

Finally, it is obtained that a greater amount of 
waste paper than hitherto can be utilized for the man- 
ufacture of new paper, without any attendant deposit 
problems. 25 

The dry paper material which is separated from 
the exit gas in the separator can be fed directly into 
the burning chamber of the kiln system, but in order 
to obtain an effective and controlled firing it is prefer- 
red that the paper material from the separator is ini- 30 
tially passed to a storage vessel, from which it is sub- 
sequently extracted and fed into the burning chamber 
of the kiln system. 

In one example of the method according to the in- 
vention the paper material is fed via a burner instal- 35 
lation into a rotary kiln for formation of a flame herein, 
whereby the organic matter of the material is inciner- 
ated with the development of heat and the mineral re- 
sidue is precipitated in the rotary kiln, whereas the 
exit gas produced during the incineration is passed to 40 
a dust separator in which mineral dust is separated 
and returned to the rotary kiln, and the returned dust 
together with the remaining mineral material in the ro- 
tary kiln is. by virtue of the rotation of the kiln, led 
along below the flame and thereby subjected to heat 45 
treatment under controlled conditions, the heat- 
treated mineral material being subsequently conduct- 
ed to the cooler. 

In a second example of the method according to 
the invention the paper material is fed into a calciner 50 
via a burner which is situated dose to a bottom inlet 
of the calciner up through which combustion air is 
supplied, whereby the organic matter of the material 
is incinerated subject to development of heat, and the 
mineral residue is subjected to heat treatment, 55 
whereafter the heat-treated mineral material sus- 
pended in the combustion gas is passed to a separa- 
tor in which it is separated from the gas and conduct- 



d to the cooler. 

Th min ral, heat-treated material can be cooled 
by means of cooling airwhich is subsequently utilized 
ascombusti n air in the kiln system. 

The exit gas utilized for drying may be malodor- 
ous and may contain various harmful organic ele- 
ments, and, therefore, it may be recirculated via a fan 
to the kiln system of the plant in which, together with 
fresh air, it is first passed through the cooler in order 
to cool the material and then passed through the 
burning chamber, whereby the unwanted substances 
in the exit gas are destroyed. 

There will be a constant need for supplying the 
plant with fresh air from external sources, and since, 
during normal operation, the plant will be heat- 
producing, a partial stream of the hot exit gas from the 
kiln system is extracted at a rate which is equivalent 
to the input of fresh air and conducted to a plant for 
waste heat utilization. 

The extracted exit gas may subsequently be 
cleaned in a precipitator installation from which the 
dust is returned to the kiln system, while the cleaned 
exit gas is vented into the atmosphere via a fan. 

The invention also includes apparatus for carry- 
ing out the new method the apparatus comprising a 
kiln system; and means for introducing paper sludge 
into a hot exit gas duct from the kiln system, the duct 
leading to a drying and communing apparatus and 
hence to a separator, a material outlet from the sep- 
arator leading to a burning chamber of the kiln sys- 
tem, and a material outlet of the kiln system being 
connected to a cooler. 

The invention will now be described in further de- 
tail with reference to the accompanying diagrammat- 
ical drawings, in which: 

Fig. 1 shows a first plant for carrying out the 
method according to the invention, and 
Fig. 2 shows a second plant for carrying out the 
method according to the invention. 
The plants shown in Fig. 1 and 2 both comprise 
a drying and comminuting apparatus in the form of a 
drier crusher 1 which through a duct 5 is supplied 
partly with hot exit gas from a kiln system 3 and partly 
a paper sludge, substantially dehydrated paper 
sludge, from a store 7. The dry and finely divided pa- 
per material is carried via a duct 9 and by means of a 
fan 11 suspended in the exit gas to a separation cy- 
clone 13 in which the paper material is separated from 
the exit gas and directed to a storage vessel 15. The 
paper material is extracted from the storage vessel 
15, possibly by means of a screw conveyor and is 
fired into the kiln system 3 of the plant via a burner 
17. 

In addition to the burner 17, the kiln system 3 of 
the plant shown in Fig. 1 comprises a rotary kiln 21, 
a dust cyclone 23 and a planetary cooler 25. The pa- 
per material is fired via the burner 17 into the rotary 
kiln 21 in such a way that a flame is formed herein. 
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As a result, th organic matter of th material is incin- 
erated with the development of heat, and a part of the 
mineral residue is precipitated in the kiln. The exit gas 
produced during incineration is conducted to th dust 
cyclone 23, in which th remaining amount of mineral 
dust is separated and returned to the rotary kiln 21. 
In the rotary kiln 21 the mineral material, by virtue of 
the rotation of the kiln and its inclination, is led back- 
wards (i.e. in the direction opposite to that in which the 
flame is directed) below the flame, thus being sub- 
jected to heat treatment under controlled conditions, 
e.g. so that a maximum temperature of the material 
in the range 700 - 850°C is achieved. From the rotary 
kiln the heat-treated mineral material is conducted to 
the cooler 25 in which it is cooled in counterf low with 
the exit gas from the separation cyclone 13 which is 
supplied to the cooler 25 via a duct 27 and the fan 11 . 
The product which is often nodulized into smaller and 
larger bails as a consequence of the motions in the ro- 
tary kiln must subsequently be subjected to some 
form of grinding in a grinding mill (not shown) prior to 
its final application. 

In addition to the burner 17, the kiln system 3 of 
the plant shown in Fig. 2 comprises a caJciner 31, a 
dust cyclone 33 and a cyclone cooler 35. The paper 
material is fired into the calciner 31 via the burner 17 
which is situated near its bottom inlet 32 up through 
which hot combustion air is supplied from the cyclone 
preheater 35. As a result, the organic matter of the 
material is incinerated with the development of heat, 
by means of which the mineral residue is subjected to 
a heat treatment. The heat-treated mineral material is 
conducted suspended in the combustion gas to the 
dust cyclone 33 in which it is separated from the gas 
and directed to the cooler 35 in which it is cooled in 
counterflow with the exit gas from the separation cy- 
clone 1 3, which is supplied to the cooler 35 via a.duct 
37 and the fan 11. In this type of plant the product is 
not allowed to nodulize, which is advantageous since 
this will eliminate the need for subsequent grinding. 
However, processing of the product must take place 
at a higher temperature, so that any CaCc>3 content in 
the material is decomposed into CaO and C0 2 . Pres- 
ence of the free CaO in the product will be acceptable 
if it quickly reacts to CafOHk on contact with water. 
Since, in the vast majority of cases, slaking of lime 
burned in a calciner will quickly occur, as shown by 
experience, thereby avoiding the problems in terms of 
expansion damage in concrete otherwise encoun- 
tered when the cement contains free CaO. 

As it appears from both figures, the exit gas from 
the drier crusher 1 is recirculated by means of the fan 
1 1 and substantially by means of fresh air supplied via 
a fresh-air intake 10 to the kiln system 3. In the kiln 
system 3 the recirculated exit gas is heated to a tem- 
perature of between 800 and 1000°C, which is suffi- 
cient to destroy any obnoxious and/or harmful sub- 
stances. 



Since, as previously mentioned, the plant will be 
heat-producing during normal operation, a partial 
stream 40 of the hot exit gas from th kiln system 3 
may be extracted at a rate which is equival nt to the 

5 input of fresh air and is conducted to a plant 41 for 
waste heat utilization. Such a plant 41 may be de- 
signed for the production of steam or district heating 
water. From the plant 41 the now cooled exit gas is 
passed to a filter 43, such as a bag filter or an etec- 

10 trostatic precipitator, subsequently being vented to 
the atmosphere via a fan 45. 



Claims 

15 

1 . A method for manufacturing a pozzolanic materi- 
al from paper sludge in a plant comprising a dry- 
ing and comminuting apparatus (1) and a kiln 
system (3), characterized in that the paper sludge 

20 is introduced into a stream of hot exit gas from 
the kiln system (3) of the plant and is passed to- 
gether with the gas to the drying and comminut- 
ing apparatus (1) wherefrom dried and finely div- 
ided paper material is passed suspended in the 

25 exit gas to a separator (1 3) in which the paper ma- 
terial is separated from the exit gas; in that the 
separated, dry paper material is fed into a burning 
chamber (21, 31) of the kiln system (3) where the 
organic matter of the material is incinerated with 

30 the development of heat, by means of which the 
mineral residue is subjected to heat treatment for 
an appropriate period of time and at a controlled 
temperature; and in that the heat-treated mineral 
material is eventually cooled in a cooler (25, 35). 

35 

2. A method according to claim 1, wherein the dry 
paper material is conducted from the separator 
(13) to a storage vessel (15) from which it is ex- 
tracted and fed into the burning chamber (21, 31) 

40 of the kiln system (3). 

3. A method according to claim 1 or claim 2, wherein 
the dry paper material is fed via a burner instal- 
lation (1 7) into a rotary kiln (21 ) forming the burrv 

45 ing chamber of the kiln system where the organic 
matter of the material is incinerated to produce a 
flame; the mineral residue is precipitated in the 
rotary kiln (21); the exit gas produced during the 
incineration is passed to a dust separator (23) in 

so which mineral dust is separated and returned to 
the rotary kiln (21), and the returned dust togeth- 
er with remaining mineral material in the rotary 
kiln is, by virtue of the rotation of the kiln, led 
along below the flame and thereby subjected to 

55 heat treatment under controlled conditions, the 

heat-treated mineral material being subsequent- 
ly passed from the rotary kiln (21) to the cooler 
(25). 
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4. A method according to claim 1 or claim 2, wherein 
the dry paper material is fed into a calciner (31), 
forming th burning chamber f the kiln system, 
via a burner which is situated dos to a bottom 
inlet (32) of the calciner up through which com- s 
bustion air is supplied; the organic matter of the 
material being incinerated in the calciner with the 
development of heat, thereby subjecting the min- 
eral residue to heat treatment; and the heat- 
treated mineral material suspended in the com- 10 
bustion gas is passed to a separator (33) in which 

it is separated from the gas and conducted to the 
cooler (35). 

5. A method according to and one of the preceding 15 
daims, wherein the heat-treated mineral material 

is cooled by means of cooling air which is subse- 
quently utilized as combustion air in the kiln sys- 
tem (3). 

20 

6. A method according to any one of the preceding 
daims, wherein the exit gas utilized for drying is 
recirculated via a fan (11 ) to the kiln system (3) of 
the plant in which, together with fresh air, it is first 
passed through the cooler (25, 35) in order to cool 25 
the material and then passed through the burning 
chamber (21, 31), whereby the unwanted sub- 
stances in the exit gas are destroyed. 



7. A method according to any one of the preceding 30 
daims, wherein a partial stream (40) of the hot 
exit gas from the kiln system (3) is extracted at a 
rate which is equivalent to an input of fresh air and 
conducted to a plant (41) for waste heat utiliza- 
tion. 35 



8. A method according to daim 7, wherein the ex- 
tracted exit gas is subsequently deaned in a pre- 
cipitator installation (43); and the dust from the 
precipitator (43) is returned to the kiln system (3), 40 
whereas the cleaned exit gas is vented to the at- 
mosphere via a fan (45). 

9. Apparatus for carrying out a method according to 

any one of the preceding daims, the apparatus 45 
comprising a kiln system (3); and means (7) for in- 
trodudng paper sludge into a hot exit gas duct (5) 
from the kiln system (3), the duct leading to a dry- 
ing and communiting apparatus (1) and hence to 
a separator (13), a material outlet from the sep- so 
arator leading to a burning chamber (21,31) of the 
kiln system (3), and a material outlet of the kiln 
system being connected to a cooler (25,35). 
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